Distinct subcellular changes in proteasome activity and linkage-specific protein polyubiquitination in the amygdala during the consolidation and reconsolidation of a fear memory.
Numerous studies have supported a critical role for the ubiquitin-proteasome system (UPS) in the memory consolidation and reconsolidation processes. The protein targets and functional role of ubiquitin-proteasome activity can vary widely across cellular compartments, however, it is unknown how UPS activity changes within the nuclear, cytoplasmic, and synaptic regions in response to learning or memory retrieval. Additionally, while previous studies have focused on degradation-specific protein polyubiquitination, it is unknown how learning alters other polyubiquitin tags that are not targeted by the proteasome. Using cellular fractionation protocols in combination with linkage-specific polyubiquitin antibodies, we examined subcellular changes in ubiquitin-proteasome activity in the amygdala during memory consolidation and reconsolidation. Following memory acquisition, overall protein ubiquitination and proteasome activity simultaneously increased in the nucleus and decreased in the synaptic and cytoplasmic regions. The nuclear increases were associated with upregulation of degradation-specific (K48) and degradation-independent (K63, M1) polyubiquitin tags, suggesting multiple functions for ubiquitin signaling within this region. Interestingly, retrieval induced a very different pattern of ubiquitin-proteasome activity in the amygdala, consisting of increases in overall protein ubiquitination and proteasome activity and K48-, K63-, and M1-polyubiquitin tags in the synaptic, but not nuclear or cytoplasmic regions. Collectively, learning and memory retrieval dynamically and differentially alter degradation-dependent and degradation-independent ubiquitin-proteasome activity across different cellular compartments, suggesting that the UPS may serve unique functions during memory consolidation and reconsolidation.